Past decades increasing shares of forest resources have been diverted from the forest sector to the energy sector. The increasing utilization of forest fuel is, to a large extent, caused by economic policies introduced to reduce the emission of greenhouse gases. Since the energy sector is believed to continue to increase its use of forest fuel in the energy production in Sweden, it is of interest to investigate the effects of this. The purpose of this study is to analyses the extent and degree of forest resources competition in the presence of climate policy by accounting for the inter-linkages of forest resources utilization between the energy sector and the forest industries. A partial equilibrium model was thus constructed and applied to the Swedish forest sector and energy sector. A baseline scenario is calibrated using the GAMS software. Four scenarios with alternative development paths are then simulated and compared to the baseline scenario. The results indicate that the impacts on the procurement competition between the forest sector and the energy sector are relatively moderate also in situations of expanding production in the forest industries. An increase in the competition between industries in the energy sector can however be observed.
Introduction
This study focuses on procurement and market issues of forest products used by the energy sector and forest industries. The specific purpose is to analyze the extent and degree of the competition for forest products in the presence of climate and energy policies. This is done by developing a partial equilibrium model capturing the forest and the energy industries and the product flows to and between them. The model is applied on Sweden, which is a good case-study since it has both a large forest industry and a significant utilization of forest products in the energy sector.
Historically, the bulk of forest products have been used by the forest industries. Lately however, increasing shares are diverted to the energy sector. The increasing utilization by the energy sector is, to a large extent, caused by changes in the relative price between biofuels and alternative fuels. In turn, the changing relative prices are partly a consequence of the economic instruments and policies introduced to e.g., reduce the emission of greenhouse gases.
In countries where forests already are highly utilized, such instruments might result in an increase in the procurement competition between the forest industries and the energy sector (e.g., Hammarlund et al., 2010; Lundmark and Söderholm, 2004; Brännlund et al., 2010) .In this context, it is important to note that an intensified competition, as a result of market interventions, is not a problem in itself from an economic perspective if the policies are implemented to correct for market failures. For example, if a carbon tax, which changes the relative price between fossil fuels and biofuels, is reflecting the social cost of the negative external effect.
Forest products are normally allocated on the basis of users' willingness to pay. Economic policies can change the willingness to pay for specific sectors both positively and negatively depending on the specific policy implemented. For example, a policy promoting the use of bioenergy will increase the energy sector's willingness to pay for forest products. Moreover, from an international perspective, national policies promoting the use of bioenergy can affect the competition of forest products between countriesassuming that there are differences in the national policies (Brännlund et al, 2010; Hammarlund et al, 2010) .
It has been estimated that the emission of greenhouse gases needs to be reduced by approximately 85 percent until 2050 to achieve the 2-degree target (Åkerman et al., 2007) . This is a central assumption in the forthcoming analysis. To achieve the emission target, substantial technological efficiency improvements have to be realized as well as changes in the current trends of both production and consumption of energy. From a production perspective it is important to stimulate the development of silvicultural -and agricultural -practices. An increasing supply of forest fuels can offset an increasing demand without causing price changes. But it is more likely that the increases in supply will not keep up with the increases in demand, causing price changes and an intensified competition.
Modelling the Swedish Forest Sector
The model is designed as an analytical tool for assessing the consequences of external changes. It has explicitly been designed to analyze how policies aimed to reduce emission of greenhouse gases will affect the forestry, forest industries and the energy sector.
Model Overview and Assumptions
The model is designed as a static partial equilibrium model for a closed economy. Equilibrium models have been used to analyze changes in market conditions for the forest sectors (e.g., Buongiorno et al., 2003; Lundmark, 2006) . Input demand and supply functions as well as production technologies are defined for each industry under the assumption of profit maximizing behavior (Kallio et al., 2004) .Assuming constant returns to scale, a CES production function for the n-factor case in the standard coefficient form is specified as: σ is the elasticity of substitution (Varian, 1992) . A list of all notations used in the model can be found in the Appendix. The production function is assumed to be weakly separable between forest products and other production factors, e.g., labor and capital (Varian, 1992) . The conditional input demand is derived by maximizing profits (or equivalently minimizing the cost for each level of output) and is expressed as:
where j w is the price of input j. The inverse supply of forest resources is written as: The profit function is specified as:
The objective of the model is to maximize the sum of the individual sector's profit defined as:
The sectors included are the forestry (F),sawmill industry (S), pulp and paper industry (P) and the heating industry (H). In total six forest products are included. The forestry sector supply roundwood (RW) and logging residues (LG). The production of roundwood is roughly equally divided between pulpwood and timber. Pulpwood is used by the pulp and paper industry and timber is used by the sawmill industry. Depending on its price, pulpwood can be used by the energy sector. The extraction of harvesting residues is conditional on a harvesting operation and is considered a by-product of the harvesting operation. Harvesting residues is not used by the forest industries, thus no immediate competition for it exists. It has been estimated that the extraction of logging residues could potentially increase before the competition between the forest industries and energy sector intensified (Swedish Forest Agency, 2009; Lundmark and Söderholm, 2004) . The sawmill industry is producing sawdust and woodchips as a by-products (BY) from their main production of sawn wood products. The energy sector's choice between byproducts and logging residues is determined by the relative price. Since sawdust and woodchips are by-products, the supplied volume will not respond to changes in the price level. Only an increase in the production of sawn wood products will affect the supply of the by-products. The byproducts are mainly used by the pulp and paper industry, but are also relevant for the energy sector. The endogenous flow of forest products and the connection between the sectors are illustrated in Figure 1 . 
Empirical Specification of the Forestry
The specification of the forestry sector mainly follows the specification in Kallio et al. (2004) . The inverse supply function of roundwood is specified as: . In order to ensure a sustainable forestry a restriction on the harvesting level of roundwood is applied.
The restriction requires the harvesting level of roundwood to be less than the annual growth rate of the forest ( FGROWTH ψ ). The inverse supply of logging residues is specified as:
Where
LG w is the price of logging residues and
LG F y is the output level of logging residues from the forestry.
LG β is an exogenous cost component in logging residue price that is independent of output level (following Kallio et al. (2004) it is set at zero),
LG δ is a shift parameter accounting for factors other than price affecting the supply,
LG k is a capacity restriction, and the
LG φ is the supply elasticity of logging residues. The baseline values of
LG w ,
LG F y ,
LG β , along with the
LG k and
LG φ , is substituted into equation (8) in order to calibrate the value of LG δ . The output level of logging residues,
LG F y , is assumed not to exceed a fixed proportion (µ LG ) and is consequently conditional on the actual level harvested roundwood.
RW F
LG LG F y y µ ≤ (9) The value of (9) . Following this the forestry's profit function is specified as:
The forestry's costs are assumed to be represented by FCOST τ , which is the annual logging cost per cubic meter harvested roundwood.
Empirical Specification of the Sawmill Industry
The sawmill industry produces sawn wood products, sawdust and woodchips using roundwood as a single input. Thus, no production function is specified. The production of sawn wood products is assumed to be exogenously fixed. The inverse supply of by-products is specified as:
Where BY w is the roundwood price and The output level of by-products is proportional to sawmills' demand of roundwood. That is, the output level of by-products cannot exceed a fixed proportion ( BY µ ) of the actual quantity of roundwood used by sawmills.
The value of 
Empirical Specification of the Pulp and Paper Industry
The pulp and paper industry is assumed to use roundwood and by-products in their production. The CES production function is specified as: The profit function of the pulp and paper industry is written as:
where PP p is the price of pulp.
Empirical Specification of the Heating Industry
The heating industry is assumed to use logging residues and by-products. The production function is specified as:
where (20) where HE p is the price of heat. As the quantity of logging residues demanded by the heating industry only accounted for a small share of the total supplied quantity, a slack variable is included to account for the remaining quantity.
LG E x is the demanded quantity of logging residues by the other industries in the energy sector. Logging residues are also utilized in e.g., the combined power and heating industry and the refined woodfuel industry. The quantity demanded of logging residues by the other industries in the energy sector is assumed to be exogenously fixed.
It is assumed that all markets clears where the market clearing conditions are defined as:
LG E
LG H
LG F x x y + = The industries' objective is to maximize their profits. The optimal input combination is where the technical rate of substitution equals the input price ratio. The input decision by the industries is hence determined by the marginal product of the inputs and input prices. The model endogenously determines the prices and quantities for the included markets, given a constant exogenously determined output supply. The objective function of the model is defined as:
where TOT π is the sum of the profits of the forestry, the pulp and paper industry and the heating industry, respectively.
Data, Parameters and Scenario Description

Data Sources
The output and input volumes and prices are presented in Table 1 . All observations are for year 2007. Output consumed internally by the included industries is not considered, i.e., only the net output production is considered. Data on the forestry's output of roundwood was obtained from FAOSTAT (2010). Following Lundmark (2007) the production of logging residues are approximated to be 15 percent of the harvested roundwood level. The output of by-products was calculated by adding the output levels of woodchips and sawdust produced by the sawmill industry and collected from SDC (2009). The output of sawn wood is obtained from SDC (2009) and the output of pulp from the Swedish Forest Agency (2009). The output of the heating industry is based on heat produced by forest fuel. The production of heat originating from by-products and logging residues is approximated using the average efficiency (87 percent) and the input levels. The required data was collected from Statistics Sweden (2009). Data on the sawmill industry's input of roundwood (timber) is collected from SDC (2009). The input of roundwood (pulpwood) and by-products to the pulp and paper industry is also obtained from SDC (2009). The input level of byproducts is calculated using the input levels of chips and sawdust. The heating industry's input of by-products and logging residues is collected from Statistics Sweden (2009).
The price of roundwood, by-products and logging residues was collected from the Swedish Forest Agency (2009). The price of roundwood is the weighted average price of timber and pulpwood. The price paid for byproducts differs between the forest industry and the energy sector, with the price paid by the forest industry generally being higher. The price presented here is a weighted average of the two. The price of sawn wood and pulp are export prices obtained from the Swedish Forest Agency (2009). The price of heat is collected from Statistics Sweden (2008). 
Parametric Assumptions
Generally, empirical estimates of substitution elasticities for forest products are difficult to obtain. It is commonly assumed that it is more difficult to substitute between forest products in the pulp and paper industry than in the heating industry. That is, the elasticities of substitution are generally assumed to be lower in the pulp and paper industry than in the heating industry. This assumption is confirmed by Olsson and Lundmark (2013) , which estimates elasticities of substitution for forest products. The elasticity of substitution between roundwood and byproducts in the pulp and paper industry is estimated to 0.19. The substitution elasticity between logging residues and by-products in the heating industry is estimated to 6.93.
There are several econometric studies on the relationship between roundwood supply and price. For example, Toppinen and Kuuluvainen (1997) estimate the pulpwood price elasticity of supply to 0.41 in Finland (which has a similar market structure to Sweden). The price elasticity of pulpwood supply and timber supply is estimated to 0.23 and 0.5, respectively by Ankarhem et al., (1999) in Sweden. The same elasticities are estimated to 0.37 and 0.68 by SLU (2004). The elasticity of roundwood supply is set to 0.5. The elasticity of supply for logging residues and by-products are assumed to be relatively more elastic and set to ten.
Scenario Descriptions
The baseline scenario is the norm to which the other scenarios are compared to and calibrated to the 2007 situation. Four scenarios with different development paths are considered. The policies implemented to achieve the 2-degree target are assumed to result in an increase in the demand for forest products from the heating industry. In addition, different development paths for the industries are considered. An overview of the scenarios is given in Table 2 . Table 3present the results for the baseline scenario and for the four scenarios, reported as percentage changes compared to the baseline scenario. In the baseline scenario the forestry supplies 74.4 million m3 of roundwood and 7.4 million m3 of logging residues, while he sawmill industry supplies 18 million m3 of by-products. The pulp and paper industry consumes 36.2 million m3 of roundwood and 11.7 million m3 of by-products. The heating industry consumes 0.04 million m3 of logging residues and 6.3 million m3 of by-products. The prices are 335, 306 and 304 SEK per m3 for roundwood, logging residues and by-products, respectively.
Scenario Results and Implications
In scenario 1 the heat production is assumed to increase by 50 percent. The results suggest that the heating industry's demand of by-products will increase by 50 percent and the demand for logging residues by 58.3 percent relative the baseline scenario. However, the increase in logging residues is from a low level thus the increase does only slightly affect the price. The price of byproducts increase by 0.8 percent inducing the pulp and paper industry to substitute by-products (decreases by 0.1 percent) in favor of roundwood (increases by 0.03 percent).In total, the heating industry's increase in the demand of by-products is larger than the decrease in demand by the pulp and paper industry. The sawmills increase of by-products by 8.1 percent imply that the maximum level is reached. Overall, the competition for byproducts may become relatively intense given an increase of 50 percent in the heat production. The pulp and paper industry's ability to substitute, at least small quantities, of by-products for roundwood may help reduce the price of by-products and the competition.
Scenario 2 combines an increase in heat production by 50 percent with an increase in the pulp production by the pulp and paper industry by 20 percent. The results indicate that demand for roundwood by the pulp and paper industry increases by 19.2 percent and the demand for by-products increases by 23.0 percent. The price of roundwood increases by 19.5 percent and the price of by-products by 0.8 percent. The heating industry increases their demand for logging residues by 58.3 percent while their demand for by-products decreases by 19.3 percent. The output of roundwood increases by 9.3 percent while the output of byproducts increases by 8.1 percent. The scenario was expected to result in an increase in the input demand of the heating and pulp and paper industries. While the pulp and paper industry increase their demand for its inputs, the heating industry decrease their demand for by-products. The reason behind this behavior is likely the limited supply of by-products. The price of by-products does however only increase slightly and the heating industry seems to decrease their by-product consumption in favor for logging residues. In addition, the relative price between by-products and logging residues is lower than between by-products and roundwood. This could be reasons why the competition seems to be relatively limited also in this case. Scenario 3 combines the assumptions of the two previous scenarios with a decrease in the demand for roundwood by the sawmill industry by 20 percent. Not surprisingly, the results show that the decrease in the demand for roundwood by sawmills will reduce their output of byproducts negatively by 13.5 percent. This output level is at the limit of the restriction set by sawmills' roundwood demand. The pulp and paper industry increase their demand of roundwood and by-products by 20.0 and 20.1 percent, respectively. The heating industry increase their input demand of logging residues but decrease their input demand of by-products by a relatively large amount. The increase in the pulp and paper industry's demand, in percentage terms, is larger for by-products than for roundwood, this is explained by the relatively larger fall in the price of by-products than in price of roundwood.
Finally, the results for scenario 4 indicate that the pulp and paper industry increases their demand of roundwood slightly (0.03 percent) and decrease their demand of byproducts slightly (0.10 percent). The heat industry increases their demand of by-products by 50.2 percent and logging residues by 19.4 percent. The price of logging resides increases by 4.1 percent. Overall, the pulp and paper industry is relatively unaffected in this scenario. However, the logging residue price does increase suggesting an intensified competition for logging residues between the industries within the energy sector.
Sensitivity Analysis
As the elasticities of substitution are important parameters, these have been changed to test the robustness of the results. The elasticities of substitution for the pulp and paper industry and the heating industry are increased respectively decreased by 50 percent. The elasticity of substitution for the heating industry is thus set to 10.39 respectively 3.46 and for the pulp and paper industry it is set to 0.28 and 0.09 respectively. The results from the sensitivity check of input and output quantities and prices are reported in Table 4 . The results from the sensitivity analysis indicate that the model is relatively robust. 
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Conclusions
The energy sector has in the past decades increased its utilization of forest products. This is, to a large extent, caused by economic policies introduced to reduce the emission of greenhouse gases. Since the increasing utilization is believed to continue, it is of interest to analyze the affects it might have on the competition between the forest industries and the energy sector. Thus, the purpose is to analyze the extent and degree of the competition for forest products in the presence of climate and energy policies.
The results indicate that climate policies that would increases the utilization of forest products in the energy sector would have rather modest effects on the pulp and paper industry. The forest product prices would slightly increase and the pulp and paper industry would be able to alleviate this effect by substituting between different feed-stocks.
Climate policies could however affect the possibilities for the pulp and paper industry to expand its production. In such a situation both the heat industry and the pulp and paper industry will demand larger volumes of forest products compared to the current situation. The limited supply of by-products from sawmills suggests that the competition in this case would be relatively intense. The price of by-products does however only increase slightly and the heat industry seems to decrease their by-product consumption in favor for logging residues.
In the event of an expanding pulp and paper industry, simultaneously as sawmills experiences a fall in their production, the effects of a climate policy is rather unintuitive. Despite the lower supply and higher demand for by-products, the price does not increase. Instead the price decreases. Therefore, the competition does not intensify in this situation either.
An increase in the demand for forest products from other industries in the energy sector does seem to give rise to a more intense competition. That is, a climate policies that only affects the increase in the heating industry's utilization of forest products in combination with a policy that increases the rest of the energy sector's demand for forest products will result to a higher price of logging residues and increase the competition.
In summary, the results do not indicate an intensified competition between the forest industries and the energy sector. An increase in the competition between industries in the energy sector can however be observed.
